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Next generation articular cartilage clinical studies 
R. Gudas, Lithuania 
The application of the evidence based medicine principles is new 
to cartilage repair. The purpose of this study was to overview the 
results of articular cartilage clinical studies. 
A recent study evaluated the quality of available studies on cartilage 
repair. The overview of most evidence based results of articular 
cartilage repair techniques is performed in this article. Randomized 
clinical trials were of primary priority in this review. Also, review of 
the results of physically active patients was primary topic of this 
article. Evidence based level IV articles were not as important as 
level I ones. 
Knowledge about the articular cartilage still remains uncertain. 
There are discussions regarding which method of repairing articular 
cartilage defects we should suggest to the patient. Various 
techniques of chondral or osteochondral defect treatment include 
abrasion, drilling, microfracture, osteochondral autografts, 
osteochondral allografts, chondrocyte transplantation. Traditional 
resurfacing techniques, such as drilling and microfracture, have 
proved to be safe and effective for treating articular cartilage defects 
of the knee joint, but they do not restore normal hyaline cartilage 
and have short-term success rate. In the past years, numerous 
investigators have developed new techniques to provide hyaline or 
hyaline-like repair for articular defects. Autologous osteochondral 
transplantation and autologous chondrocyte implantation were 
compared in a prospective trial by Horas et al., who found better 
clinical and histological results of osteochondral transplantation. 
Defects treated with autologous chondrocyte implantation were 
inferior to those provided by osteochondral autologous 
transplantation. In contrast, Bentley et al., reported that autologous 
chondrocyte implantation provided better results than mosaicplasty 
EJE,OVUTFOFUBMEJEOPU¾OETJHOJ¾DBOUEJGGFSFODFJONBDSPTPQJD
or histological results between the autologous chondrocyte 
implantation and microfracture groups. However, these studies did 
not investigate physically active athletes. Most of these techniques 
are effective for low physical demand population and are supported 
by experimental data, but it is autologous osteochondral 
transplantation that is currently the only surgical technique providing 
hyaline articular cartilage and is most effective articular cartilage 
surgical intervention. The literature includes some reports about 
good results achieved with this technique, with best success in 
athlete’s population. Although long term durability of autologous 
osteochondral transplantation remains unclear, this procedure 
provides excellent long term success. But, OAT can be used only for 
smaller lesions because of the limited availability of donor grafts; in 
DPOUSBTU NJDSPGSBDUVSF QSPWJEFT ¾CSPDBSUJMBHF SFQBJS UJTTVF
Randomized study performed by Gudas et al., on young active 
athletes has shown that osteochondral autologous transplantation 
and microfracture give encouraging clinical results after a mean 
period of 37 months, although microfracture appeared to deteriorate 
with time. However, osteochondral autologous transplantation was 
superior to microfracture in 37 months after the operations. There 
have been several uncontrolled studies on osteochondral autologous 
transplantation and microfracture in which good results were 
reported. The long term results (range from 7 to 17 years) of an 
arthroscopic debridement and microfracture procedure for only full-
thickness chondral defects in patients with at an average age of 30.4 
(range, 13-45 years) were evaluated by Steadmann et al., who found 
TJHOJ¾DBOU JNQSPWFNFOU JO LOFF GVODUJPO /P PTUFPDIPOESJUJT
dissecans lesions were included in their study. In their study, only 34 
% of the articular cartilage defects were located in the femoral 
condyles and 66% were located in other areas of the knee joint. In 
another report, Steadman et al. reported that microfracture at an 
average follow-up of 4.5 years (range: 2-13 years) is safe, effective, 
and appears to improve symptoms, function, and activity levels in a 
National Football League (NFL) players and 76% patients returned to 
football the season following microfracture. However, only 36% 
players continued active participation in the NFL at the last follow-
up. Gobbi et al. reported that a microfracture technique can offer 
clinical, functional and subjective improvement in athletically active 
patients. However, because of the decline in sports participation 
PWFSUJNFUIJTQSPDFEVSFNBZOPUCFUIFEF¾OJUJWFQSPDFEVSFGPSUIF
athlete’s knee. Most of these trials focus only on the cartilage layer, 
and no randomized studies were carried out on osteochondritis 
dissecans lesions. Autologous osteochondral transplantation and 
autologous chondrocyte implantation were compared in a 
prospective study by Horas et al., who found better clinical and 
histological results of osteochondral transplantation. In contrast, 
Bentley et al. reported that autologous chondrocyte implantation 
provided better results than mosaicplasty did. Knutsen et al. did not 
¾OE TJHOJ¾DBOU EJGGFSFODF JO NBDSPTPQJD PS IJTUPMPHJDBM SFTVMUT
between the autologous chondrocyte implantation and microfracture 
groups. However, direct comparison between all these studies is 
EJG¾DVMUCFDBVTFPGTUVEZQPQVMBUJPOPQFSBUJWFUFDIOJRVFDBSUJMBHF
repair and clinical evaluation differences. Also, some studies used 
large arthrotomies, while others were performed using only 
BSUISPTDPQJDBQQSPBDI5IJTDPVMEBMTPJO¿VFODFDMJOJDBMPVUDPNFT
The arthroscopic evaluation in different time after the operations 
shows a marked difference with results after the identical articular 
cartilage repair techniques. This phenomenon should be reevaluated 
JO UIF GVUVSF 5IFNBDSPTDPQJD DMBTTJ¾DBUJPOT PG UIF SFQBJS UJTTVF
IBWF BMTP TJHOJ¾DBOU EJGGFSFODFT JOEJDBUJOH EJGGFSFOU SFQBJS PG UIF
treated defects. Especially poor macroscopic results with 
microfracture has to be explained in the future randomized trials in 
physically active patients who undergo a procedure of the medial 
femoral condyle in the weight bearing area, which is greater than 2 
cm². Another aspect is that, not all of the patients who returned to 
QSFJOKVSZBDUJWJUZMFWFMTXFSFDMBTTJ¾FEBT*$34SFQBJSHSBEFPS*U
has been shown that following osteochondral autologous 
USBOTQMBOUBUJPO¾CSPDBSUJMBHFMJLFUJTTVF¾MMTUIFHBQTCFUXFFOUIF
transplanted osteochondral plugs, and aids in establishing improved 
congruity of the joint over time. It has been suggested that traditional 
ESJMMJOHMFBETUPHPPEBOEFYDFMMFOUSFTVMUTGPSVQUP¾WFZFBSTBOE
that the results then decline. Histological analysis of repair tissue 
BGUFSESJMMJOHXBTSFQPSUFEUPTIPX¾CSPDBSUJMBHF)PXFWFS4UFBENBO
et al. suggested that microfracture could provide a more durable 
repair and that the repair tissue may be a hybrid of hyaline like 
DBSUJMBHFBOE¾CSPDBSUJMBHF.PSFXFMMEFTJHOFETUVEJFTBSFOFFEFE
UP DMBSJGZ UIF DPO¿JDUJOH SFTVMUT 0UIFS TUVEJFT GPVOE TJHOJ¾DBOU
histological quality difference between the osteochondral autologous 
transplantation and microfracture groups. These results are not 
consistent with those in the study by Bentley et al., in which 
arthroscopic evaluation after mosaicplasty showed fair or poor 
results in 66% of patients and only 34% of the patients reached a 
HPPEFWBMVBUJPOTDPSF	BDDPSEJOHUP*$34
0GDPVSTFJUJTEJG¾DVMUUP
compare between the trials, because Bentley et al. used large 
arthrotomy for mosaicplasty, while there were all arthroscopic 
procedures in other studies. Also, the diameters of the plugs were 
different in most studies. In addition, all the plugs were placed at the 
same level with healthy cartilage compared with slightly prominent 
positioning of the mosaics in other studies during OAT procedures. 
Hangody et al., according to his investigations, reported good-to-
excellent results in 92% of the patients treated with femoral condylar 
implantations. Clinical scores, imaging techniques, arthroscopy, 
histological examination of biopsy samples, and cartilage stiffness 
measurements were used to evaluate the clinical outcomes and 
quality of the transplanted cartilage in 831 patients after mosaicplasty. 
Again, more well-designed studies are needed to clarify the 
DPO¿JDUJOH SFTVMUT 5IF SFBTPOT PG BMM SFPQFSBUJPOT XIJDI XFSF
performed after all kind of articular cartilage procedures should be 
carefully revisited in the future. Most of these were because of 
symptoms recurrence during the sports activity and rose at an 
average 6-8 months post primary operative treatments. All of these 
cases needed revision with different procedure. The degree of 
surface irregularity after articular cartilage procedure does not 
correspond with lower clinical outcome scores in most studies. MRI 
examination over a longer follow-up period would be helpful in 
further studying the congruity of the articular surface over time. 
Results of almost all articular cartilage studies has shown that all 
articular cartilage operative techniques give encouraging clinical 
results. A long-term follow-up is required to clarify the issues raised 
by articular cartilage repair studies and more prospective randomized 
multicenter studies need to be performed to clarify some technical 
aspects of proper by articular cartilage repair use in athletes’ 
population. 
In summary, guidelines for articular cartilage repair studies would 
CFDMFBSMZEF¾OFTJODMVTJPOBOEFYDMVTJPODSJUFSJBSBOEPNJ[FEUSJBMT
adequate randomisation and power analysis, detailed rehabilitation 
protocol, validated outcome measures, outcome assessment more 
than 2 years, outcomes assessed by independent investigator. 
